Standard ab initio and density functional calculations are carried out to determine the structure, stability, and reactivity of B 12 N 12 clusters with hydrogen doping. To lend additional support, conceptual DFT-based reactivity descriptors and the associated electronic structure principles are also used. Related cage aromaticity of this B 12 N 12 and nH 2 @B 12 N 12 are analyzed through the nucleus independent chemical shift values.
H ydrogen as a unique medium for storage and transportation of energy has already become an area worthy of fundamental research. An incessant upsurge in the world population in the last few decades has made a great impact on the different global biomes. A splendid growth in world economy followed by a revolution in architectural ecstasy has undeniably elated the human race, but, regrettably at the cost of ruthless deforestation and consequential global warming that had a heavy toll on our surrounding eco-system. An incessant deforestation with vigorous loss of greenery accompanied by an excessive usage of the fossil fuels has resulted in an environmental imbalance as well as a probable energy crisis that may badly affect us in the future. The possible measures to combat this grave energy shortage have been motivating the scientific minds to propose alternative measures. In this perspective the use of hydrogen as an energy source is equally appealing and demanding. Hydrogen as a fuel is quite advantageous in the sense that it can be easily produced from some common renewable energy sources like hydroelectric, solar, wind, or geothermal with water as the raw material. For releasing the energy, hydrogen may be burnt off to produce water as a harmless byproduct. So hydrogen, unlike the fuel sources, may be conceived as a cleaner and environment-friendly energy reserve (1, 2) and may be used rigorously before the oil reserves are totally depleted. But the lack of appropriate materials for the physical storage of hydrogen in large gravimetric and volumetric densities is the major reason behind its very limited usage in practice. However, several materials like AlN nanostructures (3), transition-metal doped BN systems (4), alkali-metal doped benzenoid (5), and fullerene clusters (6), bare as well as light metal and transition-metal coated boron buckyballs, B 80 (7) , and magnesium clusters (8) have been exercised experimentally and theoretically as capable storage material for hydrogen. Again, owing to the considerable ability of MgH 2 as a hydrogen-storage material, Mg-clusters doped with H 2 molecule have been theoretically investigated and found to be weakly stable or metastable depending on the cluster size (9). Giri et al. (10) have recently demonstrated that small to medium metal clusters involving the trigonal, cationic Li 3 ' and Na 3 ' rings, and the neutral Mg n and Ca n [n 08Á10] cages, analogous to the metastable hydrogen-stacked Mg n clusters (9) can be executed for trapping hydrogen effectively in both atomic and molecular forms.
The endohedral (11, 12) as well as exohedral (13) trapping of hydrogen within a BN buckyball reveals that hydrogen dominantly retains its molecular nature in the former case while for the latter mode, the hydrogens are linked in their atomic form with each of the B and N centers. In this article we have made a conceptual density functional theory (DFT) (14Á16) based treatment toward conceiving the potential use of a B 12 N 12 cage-cluster as an effective storage material for trapping hydrogen in its molecular form. Conceptual DFT (14Á16) in conjunction with its various global reactivity descriptors like electronegativity (17, 18 ) (x), hardness (19, 20) 
Theoretical background
The stable state of a molecular species as well as its reactivity during chemical response can be well understood from a careful scrutiny of the behavior of some conceptual density functional theory (CDFT) based global reactivity descriptors like electronegativity (17, 18 ) (x), hardness (19, 20) (h), and electrophilicity (21, 22) (v). Chemical hardness (19, 20) (h) and electrophilicity (21, 22 ) (v) do provide useful information that correlates the thermodynamic stability and reactivity of molecular systems. The overall molecular behavior during chemical reactions finds further justification from a scrutiny of the well-established electronic structure principles like the Principles of Maximum Hardness (24, 25) (PMH), Minimum Polarizability (26) (PMP), and Minimum Electrophilicity (27) (PME). The conceptual DFT-based global reactivity descriptors in association with the important electronic structure principles mentioned above seem to be quite significant in analyzing the increasing stability of the B 12 N 12 cage with gradual doping of molecular hydrogen. In an N-electron system, the electronegativity (x) and hardness (h) can be defined as follows:
and v0
with n(r) and m as the external and chemical potentials, respectively. Using finite difference method, electronegativity, and hardness can be expressed as follows:
where IP and EA are the ionization potential and electron affinity, respectively. If E HOMO and E LUMO are the energies of the highest occupied and the lowest unoccupied molecular orbitals then Equation 4 can be written as:
Computational details
The optimization of the molecular geometries of the different nH 2 @B 12 N 12 (n01Á12) systems are carried out at the B3LYP/6-311'G(d) level of theory using the GAUSSIAN 03 program (28) suite. The convergence criterion for all the cage-complexes is fulfilled with the attainment of a stationary point. This implies that the optimized cage-complexes do exist at minima positions on the potential energy surface (PES). Single-point calculations of these structures, optimized at the B3LYP level, are further done at the MP2 level of theory using the same basis set. The energies of the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) for all the clusters are computed from the corresponding MP2 single-point calculations. The ionization potential (IP) and electron affinity (EA) of the H 2 -trapped clusters are evaluated using Koopmans' approximation (29) . Different conceptual DFT-based reactivity descriptors are calculated using the standard protocol. The cage aromaticity of the various nH 2 @B 12 N 12 (n 01Á12) clusters are assessed from the corresponding nucleus independent chemical shift (NICS) values computed using Schleyer's technique (23) . To explain the stability of the doped clusters and spontaneity of these H 2 trapping reactions on B 12 N 12 we calculate the following energy parameters:
and Chemisorption energy (CE)
n0no: of H atoms:
Results and discussion
Total energy (E Tot , au) and conceptual DFT-based global reactivity descriptors like electronegativity (x, eV), hardness (h, eV), and electrophilicity (v, eV) of the bare as well as several H 2 -bound B 12 N 12 cage-complexes are Fig. 3 invokes the presence of aromaticity in all the aforesaid molecular motifs. But yet another peculiar behavior of the NICS(0) profiles analogous to that of the trends shown by the E IE/ H2 and E GE demands further elucidation of facts to settle the stability criteria of the nH 2 -trapped B 12 N 12 clusters and to demand a facile usage of the B 12 N 12 cage as a hydrogen storage medium in the future. Although the E IE/H2 and E GE profiles and the NICS(0) plot in Figs. 2  and 3 , respectively, show an unexpected trend, a deeper insight into their dramatic behavior depicts some beautiful correlations that undeniably provokes to build a strong basis toward molecular stability. The E GE values are supposed to dictate the stability criterion of a particular species upon comparing with its nearest neighbors. Based on this perspective, the E GE profile illustrated in Fig. 2 Table S1 for different nH 2 @B 12 N 12 systems. (0) value cannot be successfully justified either from the corresponding E GE curves or from that of the h and v profiles. The aromaticity criterion, although proved to be widely popular and extremely relevant toward assigning stability to molecular clusters, might not be a sole decisive factor as already reported earlier (30) . An IRC profile for the interaction of a single H 2 molecule with a BN system as depicted in Fig. 4 shows the entire reaction path visualizing the gradual approach of the molecular hydrogen toward the BN moiety that eventually passes through a transition state (with NIMAG 01) to form a stable adduct species. The intrinsic reaction profile also portrays that the molecular hydrogen is essentially bound to the more electronegative N-center of the BN system. This fact is also clearly visible from the optimized structures of the corresponding nH 2 -trapped B 12 N 12 clusters in Fig. 1 
Conclusion
The possibility of using a B 12 N 12 cage as a hydrogen storage material is analyzed in the light of conceptual DFT-based global reactivity descriptors, associated molecular electronic structure principles, and aromaticity. 
